Our previous work [Proc. Natd Acad. Sci. USA (1977) 74,1463-1467, 3326-3329] 
not [3Hjhemin. This suggests that cyclic AMP and hemin bind to different sites on the protein and that hemin binding affects cyclic AMP binding in an allosteric manner. The requirement of hemin for protein synthesis in reticulocyte lysates has been the subject of intensive study in several laboratories. Hemin prevents the conversion of an inactive precursor to an inhibitor of polypeptide chain initiation of similar molecular weight (1) and the inhibition was relieved by adding relatively large amounts of the chain initiation factor eIF-2 (2, 3) . This suggested that the inhibitor interfered with the function of this factor. eIF-2 forms a ternary complex with GTP and the initiator tRNA, Met-tRNAi, which, upon binding to a 40S ribosomal subunit, is converted to a 40S initiation complex (see ref. 4 for review). Recently, the inhibitor was shown to be a cyclic AMP (cAMP)-independent protein kinase (active eIF-2 kinase) that catalyzes the phosphorylation of the small (38,000 daltons) subunit of eIF-2 (5) (6) (7) (8) . The mechanism of conversion of proinhibitor to inhibitor (and therefore the mode of action of hemin) and the manner in which phosphorylation of eIF-2 led to inhibition of chain initiation remained unexplained.
We have provided answers to the above questions by showing that (a) proinhibitor is converted to inhibitor in the presence of ATP and cAMP-dependent protein kinase (ATP:protein phosphotransferase; EC 2.7.1.37) (9, 10); (b) hemin prevents this conversion by blocking the binding of cAMP to the regulatory subunit of the kinase, thus inactivating the enzyme (10); and (c) whereas phosphorylation of eIF-2 does not interfere with its function per se, it makes it insensitive to a new factor (eIF-2 stimulating protein) that, at the low concentrations of eIF-2 in reticulocyte lysates, is essential for eIF-2 activity (11 cpm/nmol), 3 ,uM if not otherwise specified; and cAMP-dependent bovine heart protein kinase, 100 ,ug of the commercial (Sigma) preparation if not otherwise stated, homogeneous bovine heart protein kinase, or catalytic (C) or regulatory (R) subunit, as specified in the legends. Samples with the same amount of [3H]hemin or [3H]cAMP, plus an excess of nonradioactive hemin (usually 0.2 mM) or cAMP (usually 0.1 mM), were run simultaneously for determination of nonspecific binding. Protein kinase or its regulatory or catalytic subunit was added last. After incubation for 60 min at 40, 0.05 ml of a suspension of activated charcoal (0.05 mg/ml) was added to each tube. The tubes were vigorously agitated on a Vortex mixer for 10 sec and centrifuged at 600 X g for 2 min. The radioactivity of an aliquot (0.15 ml) of the supernatant fluid was measured on Biofluor (New England Nuclear). The amount of hemin or cAMP specifically bound by protein kinase was obtained by subtracting the nonspecific from the total binding. No nonspecific binding was observed with cAMP. Free hemin concentrations were calculated by subtracting the radioactivity of the specifically bound hemin from that of the hemin added.
[3H]cAMP binding was measured occasionally by the hydroxyapatite procedure (10) . Protein synthesis was assayed as described (9) . Protein was determined by the method of Lowry et al. (13) , with bovine serum albumin as the standard. Fig. 1B , homogeneous protein kinase showed only specific hemin binding. Fig. 2A Fig. 2A (Fig. 2B) Proc. Nati. Acad. Sci. USA 75 (1978) 
Kinetics of association and dissociation
The time course of association and dissociation at 40 of the hemin-kinase complex is shown in Fig. 3 . The reaction is readily reversible, since addition of an excess of nonradioactive hemin to the complex rapidly displaced kinase-bound radioactivity. The binding of cAMP to the regulatory subunit of cAMP-dependent protein kinase is also readily reversible (Fig.  4) . As shown in Fig. 4 , [3H]cAMP bound to protein kinase was displaced by adding not only an excess of nonlabeled cAMP, but also an excess of nonlabeled hemin. On the other hand (Fig.  4 inset) , addition of an excess of nonradioactive cAMP failed ( Fig. 5 ) that the level of protein synthesis in the presence of 27 AsM hemin was brought back to the nonhemin level by an equimolar concentration of apomyoglobin. A kinetic experiment (Fig. 5 inset) in which the apomyoglobin was added to a hemin-containing sample 20 min after the start of translation showed that the reversal was virtually instantaneous.
DISCUSSION
The results presented in this and previous papers from this laboratory provide an explanation for the molecular mechanism of translational control by hemin. cAMP-dependent protein kinase activates eIF-2 kinase (9, 10), an inhibitor of polypeptide chain initiation (5) (6) (7) (8) 11) , and hemin inhibits the activation of cAMP-dependent protein kinase by cAMP by blocking cAMP binding to the R subunit (10) . In this paper we show that hemin blocks cAMP binding because it itself binds to R. 
